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RESUMEN 
Este art￿culo estudia las implicaciones para una pol￿tica fiscal ￿ptima de 
introducir un salario m￿nimo ex￿geno dentro de un modelo estÆndar de 
finanzas pœblicas. Presentamos un modelo de equilibrio general dinÆmico 
con un planificador  de Ramsey que decide sobre el gasto pœblico, 
impuestos sobre los ingresos del trabajo y deuda. Encontramos que para 
unos salarios m￿nimos suficientemente altos, el resultado es que un 
equilibrio en el que la oferta de trabajo queda racionada y surge desempleo 
involuntario puede ser ￿ptimo en momentos malos para la econom￿a. Si los 
salarios m￿nimos no son demasiado altos, el gobierno fija los impuestos 
para reducir la oferta de trabajo y evitar un racionamiento no deseado. En 
relaci￿n a las propiedades c￿clicas de la pol￿tica ￿ptima, los rendimientos de 
una deuda contingente son utilizados para absorber los shocks hasta 
suavizar el consumo privado en el tiempo y entre estados de la naturaleza.   
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This paper studies the implications for the optimal policy of introducing an 
exogenous minimum wage into a standard public finance model. We present 
a dynamic general equilibrium model with a Ramsey planner deciding about 
public spending, labor income taxes and debt. We find that, for sufficiently 
high minimum wages, equilibria in which the labor supply is rationed and 
involuntary unemployment arises may be optimal in bad times. For not too 
high minimum wages, the government will set taxes to reduce labor supply 
and avoid non desirable rationing. As regards the cyclical properties of the 
optimal policy, state contingent returns on debt are used as shock 
absorbers so as to smooth private consumption over time and across states 
of nature.  
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1I n t r o d u c t i o n
In recent years, a growing number of articles have built stochastic dynamic general equilibrium
models applying the methodology developed by the Real Business Cycle (RBC) literature to the
study of economic environments with a variety of rigidities and imperfect competition. The ex-
tensions of the basic RBC model have been thought suitable to rationalize ideas that were the
core of macroeconomics before the 1970s. Moreover, there seems to be a quite widespread agree-
ment among macroeconomists that these new models use the appropriate theoretical framework
for doing policy analysis. An important obstacle that this approach has encountered is that most
of the proposed models can not be handled with analytic methods. So, along with the theoretical
formulations, it has been necessary to work on the development of computing algorithms and
simulation techniques to characterize the behavior of the models. This new research has devoted
a substantial eﬀort to this issue and noteworthy progress has been made.
This paper aims to contribute to this branch of the literature. Our goal is to analyze the
properties of the optimal ﬁscal policy in an economy with a non-competitive labor market. More
precisely, we assume that an institution sets a minimum wage that is taken as exogenously given
b ya l la g e n t si no u re c o n o m y . W ew a n tt os t u d yt h ee x t e n tt ow h i c ht h eg o v e r n m e n ti sa b l et o
counteract the eﬀects of distortions caused by the minimum wage. We build a general equilibrium
model that allows us to combine features of two distinguished traditions in economics: the public
ﬁnance tradition and the disequilibrium literature. On the one hand, the public ﬁnance literature
we are referring to is that applying Ramsey’s (1927) formulation to analyze ﬁscal policy over time.
A number of articles have adopted this approach that characterize the optimal policy as that
maximizing the welfare of the economy. Major contributions are the articles by Lucas and Stokey
(1983) and Chari, Christiano and Kehoe (1994). On the other hand, the key to the disequilibrium
theory is the premise of a system of markets which are not always cleared and that may imply the
existence of rationed individuals. Contributions by Patinkin (1965) and Clower (1965) represent
the pioneering work in macroeconomic disequilibrium theory. The basic model introduced by these
authors has been further examined and extended by a number of theoretical papers (for example
Barro and Grossman (1971), Benassy (1975), Malinvaud (1977), and Neary and Stiglitz (1983),
to name a few).
Lately, there has also been an increasing interest in studying the optimal ﬁscal and/or monetary
policies in worlds with imperfect competition and sticky prices. Some papers in this area are,
for example: Judd (1997), Rottemberg and Woodford (1998), Guo and Lansing (1999), Erceg,
H e n d e r s o na n dL e v i n( 2 0 0 0 ) ,G o rostiaga (2001) or Schmitt-Grohé and Uribe (2001). In all these
papers, assumed non-competitive behavior is such that market clearing conditions always apply.
Our paper considers a case in which the labor market may not clear in equilibrium.
In this article, we present a dynamic stochastic general equilibrium model without capital.
Our economy is populated by three types of agents: consumers, ﬁrms and the government. UnderOptimal Fiscal Policy with Rationing in the Labor Market 2
the minimum wage assumption, the ﬁrm is not willing to hire more labor than the quantity
demanded at the minimum wage. And workers are aware of this restriction. As a result, the budget
constraint is no longer the only constraint faced by households when making decisions about
consumption and leisure. When the ﬁxed-price literature has studied “general disequilibrium”
models, it has distinguished between two diﬀerent concepts of demand and/or supply: the notional
and the eﬀective demand (supply). The notional labor supply schedule shows the amount of
labor the consumer would like to sell if he were not constrained; the eﬀective labor supply shows
the amount of labor he actually can sell given the demand-side restrictions. We talk about
involuntary unemployment in the sense that the labor equilibrium allocation is diﬀerent from the
notional supply.1 In our economy, this involuntary unemployment may arise, in periods when
labor productivity is small, as a result of a labor market demand side only willing to hire as much
labor as the supplied quantity at a wage below the enforced minimum.
The government is assumed to be a Ramsey planner that decides the optimal ﬁscal policy
maximizing welfare and taking into account the consumers’ and ﬁrms’ reactions to announced
policies. The planner makes decisions on public spending, labor income tax rates and debt issues.
We assume that bonds are state contingent and there are complete markets for debt. Under the
assumptions we make, the optimal policy is time inconsistent. However, since discussing time
inconsistency issues is not the aim of this paper, we only consider the full-commitment solution.
We assume that there is a technology through which the planner can commit itself to implement
in the future today decided policies.
The computational issues associated with the ﬁnding of the equilibrium stochastic processes
are a crucial element of our work. To our knowledge, there is no article, somehow related to the
disequilibrium theory, which analyzes the ﬁscal policy that results from a Ramsey problem in a
dynamic economy with rational expectations. Presumably, the reason is the nature of the problem,
which includes occasionally binding inequality constraints and non-linearities that make the model
diﬃcult to solve. In order to compute numerically the equilibrium paths for the endogenous
variables we combine techniques implemented in previous papers on optimal policies, like Chari,
Christiano and Kehoe (1991), and the results of the Kuhn-Tucker theorem.
One of the main results of the paper is that allocations in which the worker is involuntarily
unemployed can be found optimal. When the minimum wage is high, the optimal policy may
imply a rationed labor supply during recessions. On the contrary, for relatively small minimum
wages, the planner should set large labor income taxes in order to reduce labor supply and make it
equal to labor demand. This outcome is caused by distortions that arise along with the minimum
wage law. These new distortions join the existing ones (income taxes) and reduce the scope
for government policies to bring the economy closer to eﬃcient allocations. Moreover, welfare
1There is no consensus on what an involuntarily unemployed worker is. Our deﬁnition agrees with that suggested
by Pissarides (1988).Optimal Fiscal Policy with Rationing in the Labor Market 3
losses are larger the higher the exogenous minimum wage. As regards the stabilizing properties
of the optimal policy, our results agree with the previous literature. Debt is optimally used as
ab u ﬀer stock. State contingent return on debt should move over the cycle in order to smooth
consumption over time an across states of nature. Additionally, we ﬁnd that whereas optimal
government spending is higher in good times, optimal labor income tax rate should be smaller .
The article is organized as follows. In section 2 we set the theoretical framework underlying the
analysis. Section 3 describes the simulation procedure and analyzes the results. Finally, section 4
concludes.
2 The model
We study a dynamic stochastic general equilibrium model. We consider a production economy
with ﬁrms, inﬁnitely-lived consumers, and a government. There is a private consumption good
(ct) and a public good (gt)t h a ts a t i s f y
ct + gt = yt (1)
where yt is the aggregate production. The available production technology can be represented
through a constant returns to scale concave production function:
yt = f(θt;1− xt,` t) (2)
where xt denotes leisure, `t is land and θt is a productivity shock following a Markov process:
lnθt = ρlnθt−1 + εt, |ρ| < 1, εt ∼ N(0,σ
2
ε) (3)
being this technology shock the only source of uncertainty in our economy.
We assume that there is an institution, say a union, that sets a minimum wage wMIN below
which the ﬁrm cannot hire any labor. We do not model this institution’s behavior. We simply
consider that this minimum wage is exogenous and taken as given by all agents in our economy.
This is a new assumption with respect to the previous literature in which competitive labor markets
have been mostly assumed.2 Obviously, this minimum wage legislation imposes some restrictions
on labor equilibrium allocations. Figure 1 illustrates this issue.3 W h e nt h ew a g er a t et h a tm a k e s
labor demand equal to labor supply is smaller than the minimum wage, wMIN,t h e m i n i m u m w a g e
2A sf a ra sw ek n o w ,t h eo n l yp a p e rs o l v i n gf o rt h eo p t i m a lﬁscal policy and introducing frictions in the labor
market is Gorostiaga (2001) where it is assumed that a union sets wages.
3We use the superscripts d and s to distinguish between demanded and supplied quantities. Variables without
any superscript refer to equilibrium quantities.Optimal Fiscal Policy with Rationing in the Labor Market 4
constraint will be binding. At this wage wMIN, labor services are in excess supply and the short
side of the market, that is labor demand, determines the labor allocation. Therefore, we may say
that the minimum wage law only constrains the labor supply. Labor equilibrium allocations will
be always on the labor demand schedule and it will never be hired more labor units than those










Firms maximize proﬁts taking the inputs and output prices as given. As explained above, the
labor demand side, that is ﬁrms, are always the short side of the market when the minimum wage
constraint binds. Hence, ﬁrms do not perceive any constraint caused by the minimum wage law.
In other words, given prices their notional labor demand and their eﬀective labor demand will be
identical.
Therefore, the solution to a ﬁrm’s problem implies that input inverse demands equal the






t(·) ≡ f`(θt;1− x
d
t,·) (5)
4T h eo n l yf e a s i b l ea l l o c a t i o n sa r et h o s ep o i n t so ft h ed e m a n dc u r v ea b o v et h em i n i m u mw a g e .Optimal Fiscal Policy with Rationing in the Labor Market 5
where f1−x and f` are the derivatives of the production function with respect to labor and land
respectively.
Households
Consumers derive utility from private consumption, public spending and leisure. The house-





t u(ct,g t,x t), 0 < β < 1 (6)
The utility function u is strictly increasing in the three arguments and strictly concave. Private
consumption, government expenditures and leisure are normal (non-inferior). E0 denotes the
mathematical expectation conditioned on time 0 information.
The representative consumer is endowed with one unit of time which is devoted to work and
leisure. He also owns ` units of land that will be inelastically supplied to the ﬁrm. Besides, the
household can lend to or borrow from the government with a full array of contingent one-period
bonds that complete the markets.





t(θ)bt(θ)dθ =( 1− τt)wt(1 − xt)+bt−1(θt)+p
`
t`t (7)
where τt i st h ei n c o m et a xr a t e ,wt t h ew a g er a t ea n dp`
t is the land price. pb
t(θ) denotes the price
the consumer has to pay in period t to get one unit of consumption good at t+1if the productivity
shock realization is θ at this time and bt(θ) is the number of units of debt (contingent on θ)h e l d
in period t.5
We assume that the consumer is a price taker in all the markets. The household’s problem




t} maximizing the discounted sum of utilities given by (6) subject to the
temporal sequence of budget constraints (7). Besides, households know about their inability to
sell to ﬁrms more labor than the quantity demanded at the minimum wage level wMIN.M o r e
precisely, workers perceive and take as given a quantity constraint, SCt, which binds their eﬀective
labor supply. This constraint should be added to the budget constraint when characterizing the
















5Notice that we are assuming that bonds have a state contingent return and that there are complete markets for
this debt. Marcet, Sargent and Sepälä (2001) and Gorostiaga (2001) analyze optimal policies under the assumption





















t) ≤ SCt (8)
`
s



















νt [SCt − (1 − x
s
t)] = 0 (12)
SCt ≥ (1 − x
s
t) νt ≥ 0 (13)
where νt is the Lagrange multiplier associated with inequality (8). Besides, the worker supplies











The government provides the public good and funds its spending by labor income taxes and
debt. At each period, the public sector faces the following budget constraint:6
gt + b
s







The government is assumed to be a benevolent social planner whose objective is to choose a
ﬁscal policy in order to maximize the welfare of the economy. The government is aware of the
household’s answer to policy announcements and takes this reaction into account when it solves
its maximization problem. This is what has been called a Ramsey problem in the literature.
In other words, the planner chooses the optimal policy among allocations fulﬁlling the following
6We assume that there are high enough debt limits to prevent the possibility of a Ponzi game.Optimal Fiscal Policy with Rationing in the Labor Market 7
restrictions: the temporal sequence of budget constraints (15), the feasibility constraint (1) and
the ﬁrst order conditions resulting from the programs solved by the other agents in the economy.
In our model, the policy maker encounters three diﬀerent types of trade-oﬀsw h e nm a k i n g
decisions. Firstly, there is a trade-oﬀ between the beneﬁts and the costs of larger government
spending. Consumers derive utility from the publicly provided good and, therefore, higher welfare
could be achieved by increasing government expenses. On the cost side, this public good is not
free and it has to be ﬁnanced through distorting taxes or through debt. These funding decisions
involve another trade-oﬀ for the policy maker. Larger tax rates have adverse incentive eﬀects
because they distort labor supply decisions. When maximizing welfare the planner tries to avoid
these distortions using debt as funding instrument. However, ﬁnancing spending by debt also
involves a cost: larger indebtedness today will generate higher debt obligations to be payed in
the future and, in the end, interests on public assets will have to be payed through taxes. These
two trade-oﬀs are not new and appear in most of the papers of this literature. However, in our
economy, another trade-oﬀ arises due to the minimum wage law and the possibility of involuntary
unemployment. Since the economic welfare will be smaller if the consumer is constrained in the
labor market, the government also tries to keep the economy away from this situation. In order to
prevent these kind of non-desirable rationing schemes, the social planner can move the labor supply
through taxation. Larger taxes will disincentive labor supply and ﬁnding a rationed labor force
will be less likely. So, high taxes can help to reduce distortions caused by minimum wages. But, as
explained above, labor income taxes also distort economic decisions. Therefore, the government
seeks a sort of balance between these sources of distortion so as to reach a welfare as large as
possible.
A formal characterization of allocations among which the government chooses the optimal
policy is provided by the deﬁnition of the minimum-wage equilibrium allocations that follows,
Deﬁnition 1: Given b−1, wMIN and the productivity shock process {θt},aminimum-wage equi-
librium is a stochastic process of prices {pb
t(θ),w t,p `
t}, perceived constraints on the labor supply n
SCt
o
, allocations {ct,b t(θ),x t,` t} and ﬁscal policy {gt,τt,b t(θ)} such that:
i) {ct,b t(θ),x t,` t} maximizes the consumer’s objective function (6) subject to the budget con-




,a n dt a k i n ga sg i v e n{pt(θ),w t,p `
t} and
{gt,τt}.
ii) {xt,` t} maximizes the ﬁrm’s proﬁts given {wt,p `
t}.
iii) The equilibrium wage wt is equal to or higher than the exogenous bound wMIN.A n d t h e
constraint perceived by the labor supply at t, SCt, is equal to the labor demanded at the
minimum wage, wMIN, in this period.Optimal Fiscal Policy with Rationing in the Labor Market 8
iv) The government budget constraint (15) and the economy’s technology constraint (1) are
satisﬁed at each period.
v) The land, consumption good and bonds markets clear.
Since the quantity constraint perceived by workers is equal, in equilibrium, to labor demanded
by ﬁr m sa tw a g ewMIN, household’s problem ﬁrst order conditions (12) and (13) and the minimum
wage restriction implied by point iii) in the deﬁnition above are, to some extent, redundant. It
is easy to prove that the restrictions that labor supply conditions, ie (11), (12) and (13), and
labor demand (4) jointly with the minimum wage legislation place on the planner’s set of feasible
allocations can be characterized by the labor input inverse demand (4) and the two following
inequalities:




wt ≥ wMIN (17)
We may ﬁnd the following three diﬀerent cases: equation (16) satisﬁes with strict inequality
when workers are rationed and their eﬀective labor supply is smaller than the notional one. This
only happens when the minimum wage constraint (17) is binding. In periods in which equation
(17) is not binding, the equilibrium wage is that clearing the labor market, so no side of the market
is rationed, that is, equation (16) binds. Finally, when the wage rate that equilibrates demand
and supply is equal to the minimum wage, both constraints are binding.
As mentioned, the Ramsey planner problem consists of maximizing the objective function (6)
over the set of minimum-wage equilibria deﬁned above. It is easy to see that this problem is
not a recursive one because future choice variables appear in the constraints of the government
at time t. As a result, traditional dynamic programming techniques can not be adopted to
solve the problem and the optimal policy will be time inconsistent. Previous papers have used
diﬀerent strategies to ﬁnd recursive formulations. We adopt the approach proposed by Chari,
Christiano and Kehoe (1991). We can prove that minimum-wage equilibrium allocations can be
characterized by four conditions:7 the resource constraint (1), inequalities (16) and (17) and the







[τtf1−x,t(1 − xt) − gt] (18)
7A formal proposition and proof showing this type of characterization can be found in Chari, Christiano and
Kehoe (1991, 1994) and Gorostiaga (2002).Optimal Fiscal Policy with Rationing in the Labor Market 9
This equation is the result of substituting out prices in the government budget constraint using
the ﬁrst order conditions of the household’s problem and of the ﬁrm’s problem. This condition can
be understood as an intertemporal budget constraint: the present value of outstanding government
obligations at time 0 must equal the present value of the excesses of tax revenues over government
expenditures on goods. By adopting this characterization, a recursive structure is recovered.8












tuc,t [f1−x,tτt(1 − xt) − gt]
ct + gt = f(θt;1− xt,`)
τt ≤ 1 −
ux,t
f1−x,tuc,t
wt = f1−x,t ≥ wMIN
θ0,b −1 given





















t [δt(wMIN − f1−x,t)+µt(ux,t − (1 − τt)f1−x,tuc,t)]
Taking derivatives with respect to leisure (xt), government expenditure (gt), and labor-income
tax (τt)w eg e tt h eﬁrst order conditions9
8It should be noticed that as long as b−1 6=0 , a time invariant policy function can only be found from period
1f o r w a r d . Ad i ﬀerent policy function will be computed for period 0. For the sake of simplicicy, we will assume
b−1 =0 .
9where
Λ1,t = ucc,tf1−x,t [f1−x,tτt(1 − xt) − gt]+uc,t [f1−x1−x,tτt(1 − xt)+f1−x,tτt]Optimal Fiscal Policy with Rationing in the Labor Market 10
−uc,tf1−x,t + ux,t + λΛ1,t + δtΛ2,t + µtΛ3,t =0 (19)
−uc,t + ug,t + λΨ1,t + µtΨ2,t =0 (20)
λ(1 − xt)=µt (21)
If an optimal policy exists and the solution is interior, optimal allocations must satisfy these
ﬁrst order conditions jointly with the resource constraint (1) and the implementability constraint
(18). Additionally, applying the results of the Kuhn-Tucker theorem, we ﬁnd that the following
e q u a t i o n sh a v ea l s ot ob ef u l ﬁlled:10
δt [wMIN − wt]=0 (22)
µt [uxt − (1 − τt)wtuct]=0 (23)
δt ≤ 0 wMIN ≤ wt (24)
µt ≤ 0 uxt − (1 − τt)wtuct ≤ 0 (25)
It can easily be proved that the only time-varying variable upon which the optimal allocations
depend is the technology shock, θ. Therefore, we can conclude that the optimal policy at time t
inherits the correlation properties of the contemporaneous productivity variable, θt.A n d , f r o m
period 0 onwards, we can represent the endogenous variables by time-invariant functions of the
technological shock, θ.
Conditions (19)-(20) are quite similar to those found in previous papers like Lucas and Stokey
(1983). The other ﬁrst order conditions (21)-(25) arise due to the possibility of ﬁnding rationed
agents in the economy. It is worth explaining the implications of these new expressions keeping
in mind the planner’s trade-oﬀsw eh a v ea l r e a d ye x p l a i n e da b o v e .
Λ2,t = f1−x1−x,t
Λ3,t = uxx,t +( 1− τt)ucc,t(f1−x,t)2 +( 1− τt)f1−x1−x,tuc,t
Ψ1,t = uc,t +( ucc,t − ucg,t)[f1−x,tτt(1 − xt) − gt]
Ψ2,t =( 1 − τt)f1−x,t(ucc,t − ucg,t)
10Obviously, labor equilibrium allocations will be on the demand schedule and wt = f1−x,t. For the sake of
clarity, in what follows, we will write wt instead of f1−x,t, when considering the Kuhn-Tucker conditions .Optimal Fiscal Policy with Rationing in the Labor Market 11
In good times, or more precisely, when the technological shock is suﬃciently high, the marginal
productivity of labor is large and the ﬁrm is willing to pay a wage higher than the minimum wage,
wMIN. Thus, labor demand is equal to labor supply and no side of the labor market will be
rationed in equilibrium. Equations (22)-(25) imply that δt =0and µt ≤ 0 in those periods in
which the technology variable is high. On the contrary, when the economy slips into a recession,
the technological shock is small and so it is the marginal productivity of labor. The notional
demand is not likely to be as high as the notional supply and the labor equilibrium allocation
will be determined by the demand side of the market. In other words, the probability is that
involuntary unemployment will arise in bad times. Moreover, the higher the minimum wage is,
the larger the set of states of the technology for which labor demand is smaller than notional
labor supply. If the government wants to avoid involuntary unemployment it will have to increase
taxes and reduce the labor supplied by households. As a result, the equilibrium allocation will
be such that none of the agents is constrained in the labor market. From (22)-(25) we conclude
that δt ≤ 0 and µt ≤ 0 in such a case. The government ﬁnds best to implement this policy when
the minimum wage is not too high. Conversely, when the minimum wage is large, the increase
in taxes required to equate the labor supply to the labor demand should be too large. And it is
not worth introducing such a big distortion in order to prevent households from being rationed in
bad times, because the distortion caused by large taxes would exceed the one owing to a rationed
labor supply. Therefore, we expect to ﬁnd that the constraint faced by the labor supply will be
binding during these periods of economic weakness and optimal labor allocation will be equal
t ot h eq u a n t i t yd e m a n d e db yt h eﬁrm which is the short side of the market. The set of ﬁrst
order conditions provide additional information about what happens when the labor allocation
is demand determined at time 0. Output in this period can simply be found substituting the
labor allocation into the technology equation (2). Taking into account the resource constraint (1),
the social planner only has to decide how much of the equilibrium output should be delivered as
public services. And the government will choose its level of spending so as to equate the marginal
utility of private and public consumption. Hence, in this period, the way used by the government
to fund its expenses does not change the equilibrium allocations. As a result, the public sector
can set higher taxes when the labor supply is constrained and reduce these taxes to zero in good
times. By implementing this policy, the government will be able to reach the ﬁr s tb e s ta l l o c a t i o n
during periods of economic prosperity. Equations above conﬁrm this intuition: when the labor
supply is constrained in period 0, the multiplier µ0 equals zero and, according to equation (21),
the multiplier associated to the implementability constraint, λ, is also equal to zero. And this
makes µt equal to zero for all t. Additionally, when the economy soars, the high labor productivity
allows ﬁrms to pay wages above the minimum wage, wMIN.T h e r e f o r e , δt will be zero as well.
And the equations to solve for the equilibrium allocations will be exactly those characterizing
the ﬁrst-best: the resource constraint (1), and the two conditions that equate the marginal rate
of substitution between private and public consumption, and the marginal rate of substitutionOptimal Fiscal Policy with Rationing in the Labor Market 12
between private consumption and leisure with the corresponding marginal rate of transformation.
Figure 2 presents a summary of the four possible cases that can arise under the rationing
assumptions we have made. As described, depending upon the size of the minimum wage and the
state of the technology, the labor allocation will be demand determined or such that the market
clears; and constraints (16) and (17) will bind or will be fulﬁlled with strict inequality.
Figure 2










































values for the productivity shock (θ )







































3N u m e r i c a l r e s u l t s
We are interested in analyzing the extent to which the planner is able to counteract the pernicious
eﬀect that minimum wages impose on eﬃciency. As suggested above, the state of the technology
and the size of the minimum wage will determine the existence of rationed labor. So, the study
of the dynamic properties of the Ramsey policies along with the analysis of their evolution over
the cycle are expected to provide some insight into the forces moving our economy. Since closed
form solutions are not available, we solve the model using numerical methods.
We now describe how the model is parameterized and computed.
Functional forms and parameterization
We specify functional forms for both, production function and preferences. We assume a
Cobb-Douglas technology showing constant returns to scale:
f(θt;1− xt,` t)=θt(1 − xt)
γ`
1−γ
t 0 < γ < 1Optimal Fiscal Policy with Rationing in the Labor Market 13












0 < α < 1
This utility function is additively separable in consumption and leisure. We are considering a
composite consumption index which includes both the privately and the publicly provided good.
We also have to specify values for the parameters appearing in the model. The values we have
chosen are presented in Table 1. The parameterization we consider is quite similar to that used
in the real business cycle literature.











We also specify a value for the minimum wage, wMIN. It has been empirically observed that
workers devote to leisure two thirds of their time endowment. We get this result for the allocation
of leisure in the steady state when we assume that the minimum wage is equal to 0.20. We have
solved the model for diﬀerent values around this ﬁgure.
It should be noticed that our aim is to study the ability of the government to counteract the
eﬀects on eﬃciency of the minimum wage legislation and not so much to match the observed data.
That is why we do not calibrate the economy as well as possible to the data. Our main ﬁndings
are robust to changes in this parameterization.
Computational method
The system of equations we have to solve in order to compute the optimal allocations for
the endogenous variables, (ct,xt,` t,b t,gt,τt,wt,p`
t,pb
t), includes equations (19)-(25), the feasibility
constraint (1), and the implementability constraint (18).Optimal Fiscal Policy with Rationing in the Labor Market 14
According to ﬁrst order conditions (22)-(25), we consider the following cases corresponding to
each of the four regions depicted in Figure 2:
Case 1: µt =0
"




and δt ≤ 0[ wMIN = wt]. That is, the labor supply is
constrained and the minimum wage binds.






and δt =0[ wMIN ≤ wt]. Labor equilibrium allocation
is such that demand equals supply.






and δt ≤ 0[ wMIN = wt]. The minimum wage is the
wage that makes labor supply equal to labor demand.






and δt =0[ wMIN ≤ wt]. There is no rationing on the
labor supply and the marginal productivity of labor is larger than the minimum wage.
We study cases 1-2 and cases 3-4 separately. The reason is that from equation (21) we know
that if the multiplier µ is zero in the ﬁrst period, it will be zero forever. The same applies when
this multiplier is negative. The value for µ0 will depend on the initial technology shock, θ0,a n d
the minimum wage, wMIN. If the labor supply is constrained in the ﬁrst period, the multiplier µ0
will be zero. The higher the minimum wage and the lower the technological shock, the higher the
probability of an optimal µ0 equal to zero. In the simulations that we have run, we have set the
productivity shock in the ﬁrst period, θ0, equal to its steady state value. And we have repeated
t h es a m ee x e r c i s es p e c i f y i n gd i ﬀerent values for the minimum wage in order to have both, cases
with µ0 equal to zero and cases with µ0 strictly negative.
O p t i m a lp o l i c i e sh a v eb e e nc o m p u t e di nt w os t e p s :
Step 1: given a realization of the shock {θt}T
t=0 and an initial government indebtedness, b−1,
let us suppose that the minimum wage restriction is binding and the labor supply is constrained
in period 0. This implies that µ0 =0 , and then µt =0for all t,a n dt h a tδt ≤ 0 (Case 1).
Equation (21) implies that λ will be equal to zero. Hence, from the resource constraint (1), the
ﬁrst order condition with respect to government spending (20), and the minimum wage constraint
(wMIN = f1−x,t), we get the optimal allocations for private consumption, public expenditure and
leisure. Substituting into the ﬁrst order condition with respect to leisure (19) we calculate the
multiplier δt and verify that it is negative. A positive multiplier implies a contradiction. If this
is the case, we should suppose that δt =0and that the minimum wage constraint is not binding
(Case 2). Then, the equilibrium allocations for (ct,g t,x t) are obtained from (1), (19), and (20).
Performing the same exercise for the temporal sequence of shocks, we get the equilibrium paths forOptimal Fiscal Policy with Rationing in the Labor Market 15
these three endogenous variables from period 0 to period T. Additionally, the optimal policy has
to fulﬁll the implementability constraint (18). The funding of the optimal sequence of government
expenditures through taxes and debt have to satisfy this restriction. For periods when labor
supply equals labor demand, equation (16) is fulﬁlled with equality. And substituting the optimal
allocations into this equation, we get the optimalt a xr a t ef o rt h i sp e r i o d .F o rp e r i o d sw h e nt h e
labor supply is constrained, we compute the optimal tax as,11 τt =1−
ux,t
wtuct
− e T,w i t h e T>0.
Assuming a ﬁxed value for e T, we compute the optimal allocations for N diﬀerent realizations of
the shock following the procedure described above. Next, we average across these N realizations
to approximate the expectation in the right-hand side of the implementability constraint. If this
average is diﬀerent from b−1 we change the proposed e T and iterate until the implementability
constraint is satisﬁed. Convergence to a negative e T contradicts the assumption that µt =0 ,a n d
leads to the following step.
Step 2: we proceed in a similar way to that presented in the previous step, but assuming that
µ0 < 0, and therefore, form (21) µt < 0,f o ra l lt.S e t t i n gaﬁxed value for the Lagrange multiplier
λ,w ec o n s i d e rt h eCase 3 in which the minimum wage constraint is binding, wt = wMIN,a n d
δt ≤ 0. W eo b t a i na na l l o c a t i o n(ct,x t,g t) that solves the resource constraint (1) and the ﬁrst
order conditions (19)-(21) for this particular realization of the productivity shock.12 We check if
the corresponding δt i sn e g a t i v e .I fw eo b t a i nap o s i t i v em u l t i p l i e r ,w ec o n c l u d et h a tw ea r en o t
in Case 3 but in Case 4,t h a ti s ,µt ≤ 0 and δt =0 . Substituting into the ﬁrst order conditions,
we get the equilibrium allocations of the endogenous variables. Repeating this procedure with N
diﬀerent realizations of the shock, we get the N equilibrium paths for the endogenous variables
given these shock sequences. Again, we average across the N realizations to approximate the
expectation in the right-hand side of the implementability constraint. If this average is diﬀerent
from b−1 we change the proposed λ and iterate until the implementability constraint is fulﬁlled.
Results
We present our results graphically plotting the decision rules as functions of the technological
shock, θ. Figure 3 displays the decision rules for two values of the minimum wage, 0.17 and 0.22.
In what follows, we will refer to the ﬁrst ﬁgure as wLOW
MIN and to the second one as wHIGH
MIN .I f
the exogenous minimum wage is wLOW
MIN, the Ramsey policy will imply a rationed labor supply in
recessions and the economy will be in cases 3 and 4 detailed above. On the contrary, a suﬃciently
high minimum wage (such as wHIGH
MIN ) will leave the economy in cases 1 and 2.
11The solution for τt is not unique. There are multiple sequences {τt} satisfying the implementability constraint.
We simply have chosen a deﬁnition for τt that enables us to compute the equilibrium paths.
12Recall that we are considering the case in which the two inequality constraints in the Lagrange problem are
binding. Hence, we also use these two equations in order to ﬁnd the optimal allocations.Optimal Fiscal Policy with Rationing in the Labor Market 16
It is important to notice that all the lines depicted in Figure 3 exhibit a kink at some value of
the productivity shock. For realizations of the technology shock below this value, the minimum
wage restriction is binding. Moreover, the kink moves to the right when wMIN is larger. That is,
the higher the minimum wage the ﬁrm has to pay, the higher the productivity shock has to be in
order for the labor demand not to be smaller than the notional labor supply.
In both cases, when the minimum wage is high and when it is low, we can draw the same
conclusions about how most of the endogenous variables evolve over the cycle.
Private consumption and government spending are larger when the economy soars. It should
be expected a similar behavior for these two variables given the role they play in the model and
the functional forms we have assumed. When the technology variable is high, the larger amount of
resources are optimally devoted to increase both private consumption and government spending.
The results we get for leisure are interesting because of the special properties of labor market
in our economy. Leisure decreases with the productivity variable in bad times but shows a posi-
tive reaction when the economy is booming. The possibility of ﬁnding labor demand determined
equilibria when the technological variable is small explains the pattern we ﬁnd for leisure. In re-
cessions, the labor allocation is always equal to labor demand. Further increases in the technology
variable imply a larger marginal productivity of labor and a larger labor demand which results in
a larger portion of the time endowment devoted to labor. Therefore, leisure will decrease with the
productivity variable in periods when the minimum wage constraint binds. Conversely, when the
economy is booming, the labor allocation is such that labor demand equals labor supply. Now,
increases in the productivity of labor lead to equilibria with larger wages. Since the consumer
derives utility from leisure, there will be a substitution eﬀect and a wealth eﬀect caused by the
rise in wages. In our economy, the wealth eﬀect is larger than the substitution eﬀect in good times
and the labor allocation will be smaller the higher the technology variable.
As regards the funding of government expenses, we study the properties of the two instruments
available to the planner: taxes on labor income and state contingent debt. The results for labor
income tax rates are diﬀe r e n td e p e n d i n go nt h es i z eo ft h em i n i m u mw a g e .F o rs m a l lm i n i m u m
wages, when the economy slips into a recession, the government set very high taxes in order to
reduce labor supply and avoid rationing in the labor market. Increases in the technology variable
lead to states of nature in which smaller tax rates are enough to equate labor supply and labor
demand. In booms, when the minimum wage restriction does not bind, the larger tax base makes
high tax rates be no necessary to raise the optimal revenues. That is the reason for optimal taxes
decreasing slightly with the technology variable in good times. Things are diﬀerent when the
minimum wage happens to be high. In such a case, the planner ﬁnds optimal to have a rationed
labor supply in busts. It is not worth distorting the economy so much in order to avoid rationing.
As a result, the optimal taxes are much smaller than those found for the high wMIN case. Here
it is important to note that we can ﬁnd multiple equilibrium solutions for the labor income tax
satisfying government intertemporal budget constraint. To some extent, we can say that a sortOptimal Fiscal Policy with Rationing in the Labor Market 17
of Ricardian equivalence holds. Figure 3 shows one of these solutions for optimal taxes.13 In
bad times, optimal allocations will be demand determined and, therefore, can be implemented no
matter the size of labor income tax rates. Thus, the planner will set high enough taxes during
recessions and he will be able to reach the ﬁrst best allocations removing these labor taxes in good
times.
State contingent debt plays a crucial role in the optimal policy of this economy. Contingent
returns on debt are used as shock absorbers. During those periods when workers are rationed
and taxes are high, the small labor income is partially compensated with positive debt payments.
Conversely, when the economy shows signs of recovery, optimal taxes on labor decrease and contin-
gent debt payments should be negative, that is, it is the government who receives payments from
households. Hence, an important attainment of the planner’s policy is to smooth consumption
over time and across states of nature.
The analysis of the volatility of the computed series conﬁrms the suggestion that debt is used as
buﬀer stock. Volatility of optimal taxes on labor income is relatively small: the standard deviation
of this variable is 0.23 in the wLOW
MIN case and 0.15 in the wHIGH
MIN case.14 The standard deviation of
the government spending is higher: 0.45 in the wLOW
MIN case and 0.61 in the wMIN is equal to 0.23.
And the ﬁscal variable that seems to be more volatile is contingent debt payments: 14.14 when
the minimum wage is 0.17 and 10.85 when it is 0.23. This conclusion is also reached by most of
the articles in the literature of optimal taxation in which this kind of bonds are available to the
government
Finally, this analysis also allows us to study the implications for welfare of changes in the
minimum wage. A higher minimum wage increases distortions, which has adverse eﬀects on the
eﬃciency of the economy. If we compute the sum of discounted utilities both when the minimum
wage is 0.17 and 0.23, we ﬁnd that this sum is -0.53 in the ﬁrst case and -0.94 in the second one.
When the minimum wage is high, the scope for the government to be close to the ﬁrst best is
smaller. Leisure enjoyed by workers in recessions is high and the ﬁrst best allocations are attained
in good times. Nevertheless, this will not be enough to oﬀset the large welfare losses caused by
the highly distorting eﬀect of large taxes and minimum wage laws.
13Note here that multiple (optimal) solutions for taxes can be found for those periods when the minimum wage
constraint binds and labor supply is constrained. However, it is always optimal to set zero taxes in periods when
the technological variable is high and no side of the labor market is constrained.
14These standard deviations would be much smaller if we only considered periods when the minimum wage
constraint does not bind.Optimal Fiscal Policy with Rationing in the Labor Market 18
4C o n c l u d i n g r e m a r k s
This paper has studied the implications for the optimal policy of introducing an exogenous mini-
mum wage into a standard public ﬁn a n c em o d e l .W eh a v ef o u n dt h a ti n v o l u n t a r yu n e m p l o y m e n t
and welfare losses arise caused by the assumption of an exogenous minimum wage legislation.
Equilibria involving this kind of rationing are found optimal in recessions when the minimum
wage considered is suﬃciently high. For not so high minimum wages, taxes are optimally used
to reduce labor supply and keep the economy away from non desirable rationing schemes. As
expected, distortions are larger the higher the minimum wage and, therefore, the scope for public
policies to bring the economy close to the ﬁrst best is smaller. As a result, welfare losses will
increase with the minimum wage.
A d d i t i o n a l l y ,w eh a v ea l s of o u n dt h a tt h ep l a n n e rs h o u l du s ed e b ta sab u ﬀer stock. State
contingent return on debt will move over the cycle in order to smooth consumption over time an
across states of nature.
Another contribution of the paper is a methodological one. The possibility of ﬁnding rationed
workers adds occasionally binding constraints to the set of equations we solve to ﬁnd the optimal
solution. We compute numerically the government decision rules combining the techniques imple-
mented in previous papers on optimal policies, like Chari, Christiano and Kehoe (1991), and the
results of the Kuhn-Tucker theorem.
Finally, for the sake of simplicity in computations, the theoretical model is simple and abstracts
from many issues we would like to include in a model meant to be used to derive economic policy
recommendations. Among the extensions suggested by our study, we want to point out two lines
for future research. On the one hand, from the point of view of the public ﬁnance literature,
removing the assumption of exogenous minimum wages and endogenizing this wage would be an
interesting and valuable extension. It may be assumed that an agent of our economy, say the
planner or a union, makes optimal decisions about this variable . On the other hand, this paper
might be a step to a new research within the disequilibrium literature. Ideas analyzed in the 70s
by the authors mentioned in the introduction can also be studied using the methodology of the
Real Business Cycle models.
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